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TXLUHPHQWWKDW³>W@KHSODQVKRXOGSRLQWGLUHFWO\WRWKHGLIILFXOWDQGVLJQLILFDQWDFWLYLWLHV±WKHSUREOHPVRIDFKLHYLQJ
WKHREMHFWLYH´>S@&30PD\EHGHVFULEHGDVDRQHDQGDKDOIGLPHQVLRQDOPHWKRGEHFDXVHLWSULPDULO\DS
SOLHVDQDOJRULWKPWRVFKHGXOHWLPHZKLOHDVHSDUDWHODWHUWLPHFRVWWUDGHRIIDQDO\VLVFRXOGFRQVLGHUGLUHFWFRVWEXW
QRW LQGLUHFW FRVW >@0RUH UHFHQWO\ DGGLWLRQDO GLPHQVLRQV RIWHQ WKUHH DUH EURXJKW LQWRPXOWLREMHFWLYHPRGHOV
7KH\ZHUHVROYHG³XVLQJDYDULHW\RIPHWKRGVLQFOXGLQJOLQHDUSURJUDPPLQJLQWHJHUSURJUDPPLQJG\QDPLFSUR
JUDPPLQJDQGJHQHWLFDOJRULWKPV´>S@%XW&30VWLOOGRPLQDWHVDVWKHLUOLPLWLQJIRXQGDWLRQWRWKHGHWULPHQW
RIRWKHUGLPHQVLRQV<HWFRQVWUXFWLRQSURMHFWVDUHLQWHJUDWHGV\VWHPVWKDWXQIROGLQDFRPSOH[LQWHUSOD\VXEMHFWWRD
SOHWKRUDRIIDFWRUVZKLFKUHTXLUHVXVLQJDPRUHLQWHJUDWHGPRGHOWRJHQHUDWHUHDOLVWLFDQDO\VHVDQGHIILFLHQWRSWLPL
]DWLRQ$QHHGH[LVWVWRH[SORUHQRYHODSSURDFKHVWRZDUGVXFKDQLQWHJUDWHGV\VWHPVYLHZRISURMHFWPDQDJHPHQW
/LWHUDWXUH5HYLHZ
7UDGLWLRQDOUHVHDUFK³VHOHFWHG>WKH@PRVWLPSRUWDQWREMHFWLYHZKLOHHLWKHUQHJOHFWLQJWKHOHVVLPSRUWDQWFRPSHWLQJ
REMHFWLYHVRU LPSRVLQJ WKHPDVNQRZQFRQVWUDLQWV LQ WKHRSWLPL]DWLRQ IRUPXODWLRQ´ >S@6XFK VWXGLHVRQ
VLQJOHREMHFWLYHVXVXDOO\H[SORUHDGHWDLOHGsubsystemHJVFKHGXOLQJ>@RUFDVKIORZV>@%XWFRQVWUXFWLRQSUR
MHFWVDUHFRPSOH[V\VWHPVDQGWKXVLWLVGHSORUDEOHWKDWWKHUHH[LVWV³DSOHWKRUDRI³FRQWURO´WHFKQLTXHVWKDWFDQQRW
SURYLGHDQ\LQVLJKWLQWRWKHLQWHUDFWLRQVDPRQJWKHPDQ\FRPSRQHQWVRIDFRQVWUXFWLRQHQJLQHHULQJSURMHFW´>S
@7RPDQDJHPXOWLREMHFWLYHSUREOHPVVWXGLHVVHHNWRFUHDWH³WRROVDQGVWUDWHJLHVWKDWFDQVLPXOWDQHRXVO\LP
SURYHSURMHFWSHUIRUPDQFHLQPXOWLSOHGLPHQVLRQV´IRUintegrated systems>S@<HW³>P@XOWLREMHFWLYHRSWLPL]D
WLRQIRUPXODWLRQVKDYHFOHDUWKHRUHWLFDODGYDQWDJHVEXWLQFUHDVHWKHFRPSOH[LW\RIWKHPDWKHPDWLFDOIRUPXODWLRQ´>
S@,QPRVWFDVHVUHVHDUFKHUVPDNHDSSUR[LPDWLRQVWRVLPSOLI\SUREOHPV$PPDU>S@IRUDWLPHFRVW
WUDGHRIIRSWLPL]DWLRQH[SODLQHGWKDWD³>G@LVFRXQWIDFWRULQWKHH[SRQHQWLDOIRUP«LVWRRFRPSOLFDWHGWREHKDQGOHG
LQDPDWKHPDWLFDORSWLPL]DWLRQPRGHO«,QVWHDGDVLPSOLILHGIRUP«ZLOOEHXVHG´6XFKDSSURDFKLVFRPPRQLQ
PXOWLREMHFWLYHUHVHDUFKIRUVLPSOLFLW\PDQDJHDELOLW\DQGEUHYLW\RIDPRGHODQGLWVGHVFULSWLRQEXWXQGHVLUDEOH

)XUWKHUPRUHVXFKVWXGLHVW\SLFDOO\IROORZYHU\VLPLODUVWHSV)LUVWVHOHFWLQJREMHFWLYHVIURPSURMHFWSHUIRUPDQFH
SDUDPHWHUVWREHPLQLPL]HGRUPD[LPL]HGHJWLPHFRVWRUUHVRXUFHV6HFRQGXVLQJDPXOWLREMHFWLYHRSWLPL]D
WLRQDOJRULWKP+RZHYHUDQLPSRUWDQWLQWHUPHGLDWHVWHSLVRIWHQVKRUWFKDQJHGWKDWRIFUHDWLQJDPRGHOZKRVHQD
WXUHLVLGHDOO\VXLWHGWRLWVFKDOOHQJH,WORJLFDOO\RFFXUVEHWZHHQHVWDEOLVKLQJWKHREMHFWLYHVDQGSHUIRUPLQJDQRSWL
PL]DWLRQDQGLVFUXFLDOIRUDQHIILFLHQWDQGUHOLDEOHRSWLPL]DWLRQ0RGHOVPXVWEHversatile\HWaccurateWRWKHPD[
LPXPH[WHQWWKDWLQSXWGDWDDOORZZLWKRXWLPSRVLQJH[WUDQHRXVUHVWULFWLRQVIURPPRGHOLQJDVVXPSWLRQV3ULRUVWXG
LHVKDYHIRFXVHGH[WHQVLYHO\RQRSWLPL]DWLRQDOJRULWKPV>@EXWDSSHDUWRRYHUORRNWKLVPRGHOLQJFKDOOHQJH
2.1. Research Need and Objectives 
$EULGJHGREMHFWLYHIXQFWLRQVWRPLQLPL]HRUPD[LPL]HGHSHQGHQWYDULDEOHVUDGLFDOO\VLPSOLI\UHDOLW\'XUDWLRQLV
GHWHUPLQHGE\IDFWRUVVXFKDVSURGXFWLYLW\FUHZVL]HUHVRXUFHDYDLODELOLW\VKLIWVOHDGODJGXUDWLRQVEXIIHUVHWF
PXOWLREMHFWLYHVWXGLHVRPLWPRVWVXFKGHWDLOV&DVKIORZVPXVWFRQVLGHUGLUHFWDQGLQGLUHFWFRVWELOOWRSD\GHOD\
SURPSW SD\PHQW GLVFRXQW FUHGLW OLPLW LQWHUHVW WLPH YDOXH RIPRQH\ HWF 2EMHFWLYH IXQFWLRQV W\SLFDOO\ VLPSOLI\
WKHVHGHWDLOVIRFXVLQJLQVWHDGRQDOJRULWKPVWRLGHQWLI\RUFRPSDUHVROXWLRQV2QHPD\DUJXHWKDWLWLVRYHUO\FRP
SOLFDWHGWRPDLQWDLQWKHVDPHOHYHORIGHWDLODVORFDOsubsystemsZKHQPRYLQJWRPRGHOLQJDJOREDOintegrated sys-
tem%XWSHU2FNKDP¶VUD]RUZKRVHSDUDGLJPDGYRFDWHGµDVVLPSOHDVSRVVLEOHDVFRPSOLFDWHGDVQHFHVVDU\¶IRU
PRGHOVRQHVKRXOGQRWUHGXFHUHDOLVPLIDV\VWHPEHFRPHVPRUHFRPSOH[ZKLFKOLPLWVWKHYDOLGLW\RILWVRXWSXWDQG
PD\ PLVOHDG GHFLVLRQPDNHUV 7KLV UHVHDUFK UDLVHV WKH IXQGDPHQWDO TXHVWLRQ RI KRZ WR EULGJH ORFDO DQG JOREDO
YLHZVZKLOHUHPDLQLQJHIILFLHQWDQGDFFXUDWHDVGHWHUPLQHGE\WKHTXDOLW\RIDYDLODEOHGDWDQRWPRGHODVVXPSWLRQV
6LQJXODULW\ IXQFWLRQVGHILQHG LQ WKHIROORZLQJRIIHU WKHXQLTXHIHDWXUHVRIdetailability FDQ UHIOHFWDQ\GHVLUHG
OHYHORIGHWDLOZLWKLQ WKHLUPDWKHPDWLFDOH[SUHVVLRQVextensibility FDQ LQFRUSRUDWHDQ\QXPEHURI LQWHUDFWLQJGL
PHQVLRQDOYDULDEOHVDQGconvertibilityFDQH[WUDFWSDLUZLVHSHUIRUPDQFHSDUDPHWHUVWRH[DPLQHWKHLUUHODWLRQVKLS

7KUHHVHTXHQWLDO5HVHDUFK2EMHFWLYHVZLOOEHDGGUHVVHGE\WKLVUHVHDUFKZKLFKWRJHWKHUFRQWULEXWHWRLWVRYHUDOO
JRDORIXOWLPDWHO\JDLQLQJDVLQJOHFRPSUHKHQVLYH\HWFXVWRPL]DEOHDSSURDFKWRFRQVWUXFWLRQSURMHFWPDQDJHPHQW
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• ([SORULQJLQWHUDFWLRQVDQGFRQYHUVLRQVDPRQJVLQJXODULW\IXQFWLRQVIRUPHUJLQJVXEV\VWHPVLQWRDJOREDOPRGHO
• $OLJQLQJVXEV\VWHPVFKHGXOHFDVKIORZDQGUHVRXUFHPRGHOVLQFXPXODWLYHDQGQRQFXPXODWLYHH[SUHVVLRQV
• 9LVXDOL]LQJWKHLQWHJUDWHG'SURMHFWPRGHODQGDVVHVVLQJLWVSRWHQWLDOFRQWULEXWLRQDVDQRYHOPDQDJHPHQWWRRO
6LQJXODULW\)XQFWLRQV
6LQJXODULW\IXQFWLRQVZHUHLQLWLDOO\XVHGLQVWUXFWXUDOHQJLQHHULQJWRDQDO\]HWKHSUREOHPRIEHDPVWKDWDUHORDGHG
ZLWKGLYHUVHW\SHVRIORDGVZKLFKDUHORFDWHGDWGLVFUHWHRUGLVWULEXWHGORFDWLRQVRQVDLGEHDPV7KHEDVLFWHUPRI
(TXDWLRQZDVKLVWRULFDOO\NQRZQDVWKH)|SSOV\PERO>@RU0DFDXOD\EUDFNHWV>@7KLVRSHUDWRUSHUIRUPVD
case distinctionIRUWKHJLYHQFXWRIIYDOXHaRIWKHLQGHSHQGHQWYDULDEOHx7KHIXQFWLRQV\LHOGV]HURLIxLVVPDOOHU
WKDQaZKLOHHYDOXDWLQJWKHSRLQWHGEUDFNHWVDVURXQGRQHVLIxLVHTXDOWRRUODUJHUWKDQa7KHVWUHQJWKsDPSOLILHV
WKHYDOXHRIWKHIXQFWLRQZKLOHWKHH[SRQHQWnPRGLILHVWKHEHKDYLRUWROLQHDURUQRQOLQHDUJURZWKRIWKHIXQFWLRQ

7KHYLUWXHRIVLQJXODULW\IXQFWLRQVLVWKDWWKH\FDQHDVLO\PRGHOLQIOXHQFHVWKDWDUHORFDWHGDWRUGLVWULEXWHGDORQJ
DGLPHQVLRQHJWLPHZKLFKIXOILOOVUHTXLUHPHQWVRIVRPHNH\DSSOLFDWLRQVLQWKHFRQVWUXFWLRQPDQDJHPHQWILHOG
)RUH[DPSOHLQOLQHDUVFKHGXOHVDFWLYLW\SURJUHVVLVUHSUHVHQWHGDVDFXUYHZLWKVWDUWDQGILQLVKGDWHZKRVHVORSHLV
WKHSURGXFWLYLW\0RUHRYHUIRUFDVKIORZVDFRVWSURILOHDOVRKDVDVWDUWDQGILQLVKLWVVORSHLVWKHUDWHDWZKLFKWKH
FRVWJURZV)XUWKHUPRUHIRUUHVRXUFHVXWLOL]DWLRQDSURILOHFDQEHGHULYHGDQDORJRXVO\2IFRXUVHPXOWLSOHHIIHFWV
RIWKHVDPHW\SHFDQEHH[SUHVVHGMRLQWO\ZKLFKJHQHUDWHVDVWDJJHUHGSURILOHRYHULWVUHVSHFWLYHWLPHSHULRG$OORI
VXFKSKHQRPHQDFDQEHPRGHOHGZLWKWKHEDVLFWHUPRIVLQJXODULW\IXQFWLRQVE\LQVHUWLQJWKHUHVSHFWLYHDSSURSULDWH
LQGHSHQGHQWDQGGHSHQGHQWYDULDEOHVSHU7DEOH7KLVIHDWXUHHQDEOHV WKHFRQYHUVLRQSHU5HVHDUFK2EMHFWLYH
,QWURGXFLQJDQHZYDULDEOHHJDFRVWIDFWRUIRUZRUNXQLWVLQWRDOLQHDUVFKHGXOHWUDQVIRUPVWKHPRGHODVGHVLUHG

 7DEOH9DULDEOHVIRUVLQJXODULW\IXQFWLRQV
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7\SHRISUREOHP ,QGHSHQGHQW 'HSHQGHQW
/LQHDUVFKHGXOH x ZRUNXQLW y WLPHXQLW
&DVKIORZV y WLPHXQLW z FRVWXQLW
5HVRXUFHXWLOL]DWLRQ y WLPHXQLW r UHVRXUFHXQLW
3.1. Linear Schedule model (cumulative and non-cumulative forms) 
0RVW FRQVWUXFWLRQ SURMHFWV ZKHWKHU SLSHOLQHV RU PXOWLIORRU EXLOGLQJV FRQWDLQ PDQ\ UHSHDWLQJ DFWLYLWLHV >@
&30FDQRQO\JXDUDQWHHWKDWVHTXHQWLDOUHODWLRQVEHWZHHQWKRVHUHSHDWLQJDFWLYLWLHVDUHREH\HGEXWFDQQRWGLUHFWO\
UHSUHVHQWFRQVWUDLQWVIRUUHVRXUFHFRQWLQXLW\>@QRUH[SORLWWKHUHSHWLWLYHQDWXUHIRUWKHPRGHOLWVHOI2QWKHRWKHU
KDQG WKH/LQHDU6FKHGXOLQJ0HWKRG /60DQGFORVHO\ UHODWHG DSSURDFKHVZLWK VLPLODUQDPHV HJ UHSHWLWLYHRU
ORFDWLRQEDVHG VFKHGXOLQJZKLFK ³DQDO\]H SURMHFWV WKDW DUH FKDUDFWHUL]HG DV JHRPHWULFDOO\ OLQHDU RU UHSHWLWLYH LQ
WKHLURSHUDWLRQV´>S@DUHDEOHWRWDNHDGYDQWDJHRISUHYDLOLQJUHSHWLWLYHQHVVWRGHULYHDPRUHLQWXLWLYHPRG
HO$VVKRZQLQ)LJXUHVXFKVFKHGXOHVFDQLQWXLWLYHO\GLVSOD\KRZSDLUZLVHDFWLYLWLHVRIXQHTXDOSURGXFWLYLWLHVDUH
UHODWHGLQUHJDUGVWR WKHLUVWDUWDQGILQLVKFRRUGLQDWHV>@/60ZDVZLGHO\FRQVLGHUHGWREHPHUHO\JUDSKLFDOO\
EDVHGVFKHGXOLQJWKDW³LVSUHVHQWHGJUDSKLFDOO\DVDQXYSORWZKHUHRQHD[LVUHSUHVHQWV>UHSHDWLQJ@XQLWVDQGWKH
RWKHUWLPH´>S@6XFKJUDSKLFDOQRQPDWKHPDWLFDOIRFXVZDVDVHYHUHOLPLWDWLRQRI/60DQGKDVKLQGHUHGLWV
FRPSXWHUL]DWLRQDQGEURDGHUDSSOLFDWLRQLQWKHFRQVWUXFWLRQLQGXVWU\+RZHYHUWKDWVLWXDWLRQKDVFKDQJHGWKURXJK
WKHLQWURGXFWLRQRIWKH3URGXFWLYLW\6FKHGXOLQJ0HWKRG360ZKLFKHPSOR\VVLQJXODULW\IXQFWLRQV7KH\³SURYLGH
D IOH[LEOHDQGSRZHUIXOPDWKHPDWLFDOPRGHO IRU FRQVWUXFWLRQDFWLYLWLHV DQG WKHLUEXIIHUV WKDW DUHFKDUDFWHUL]HGE\
WKHLU OLQHDU RU UHSHWLWLYH QDWXUH´ > S @ WR DOORZ D FRPSUHKHQVLYHPDWKHPDWLFDOO\ ULJRURXV WUHDWPHQW 7KH\
VXSSRUWFDOHQGDUL]HGWLPHD[HV>@IRUPRUHUHDOLVWLFPRGHOVZKLFKLVGHVLUDEOHDVLWKDVEHHQVKRZQWKDW³GLVUH
JDUGLQJ«FDOHQGDUVVHHPVWREHDQRYHUVLPSOLILFDWLRQWKDWFDQGLVWRUWWKHUHVXOWV´>S@

/XFNR >@GHVFULEHG WKH VWHSVRI360DVDFWLYLW\DQGEXIIHU HTXDWLRQV LQLWLDO VWDFNLQJPLQLPXPGLIIHUHQFHV
DQGGLIIHUHQWLDWLRQIRUFRQVROLGDWLRQZKLFKJHQHUDWHVUHYLVHGDFWLYLW\DQGEXIIHUHTXDWLRQVDQGFULWLFDOLW\DQDO\VLV
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'HWDLOVRIWKHVHVWHSVDUHRPLWWHGLQWKLVSDSHUIRUEUHYLW\StackinJJHQHUDWHVDIHDVLEOHEXWH[WUHPHO\FRQVHUYDWLYH
DQG WKXV OHQJWK\ VFKHGXOHconsolidation RYHUODSV DVPDQ\ DFWLYLWLHV DV SRVVLEOHZLWKLQ WKH VHTXHQFH FRQVWUDLQWV
7KHDSSURDFKRI360LVWRFRQYHUWDOOLQSXWVDERXWDFWLYLW\VHTXHQFHGXUDWLRQVOHDGVRUODJVEHWZHHQDFWLYLWLHVDQG
DQ\WLPHRUZRUNEUHDNLQWRWKHPDWKHPDWLFDOPRGHOWKDWLVFRPSRVHGRIVLQJXODULW\IXQFWLRQV7KHVFKHGXOHVWDUW
DQGILQLVKRIHDFKDFWLYLW\LQWKHLQLWLDODQGILQDOYHUVLRQVDQGLWVFULWLFDOLW\FKDUDFWHULVWLFVDUHRXWSXWV7LPHyLV
WKHLQGHSHQGHQWYDULDEOHLQ360SHU(TXDWLRQx LVZRUNUiLVWKHQXPEHURIUHSHDWLQJZRUNXQLWVDiLVWKHGXUD
WLRQRIDFWLYLW\i Sia DQG

Fia DUHLWVVWDUWDQGILQLVKZKRVHDVWHULVNLQGLFDWHVWKDWWKH\PD\LQFOXGHDVKLIWHGVWDUW
SULRU GHOD\d RU H[WHQGHGGXUDWLRQ QHZGHOD\d1RWH WKDW WLPH LV EHWWHUPHDVXUHGRQ WKH yD[LV EHFDXVH LW
VKRXOGEHPLQLPL]HGE\WKHDOJRULWKP$QDQDORJRXVIRUPZLWKWLPHDVWKHGHSHQGHQWYDULDEOHFDQEHGHULYHGE\
VZLWFKLQJWKHD[HV$QH[DPSOHZLWKDFWLYLWLHVSHU7DEOHLVVKRZQLQWKHxyRULHQWHGOLQHDUVFKHGXOHRI)LJXUH

)LJXUHVKRZVWKHVFKHGXOHLQDcumulativeIRUPZKLFKPHDQVWKDWWKHZRUNTXDQWLW\RIHDFKDFWLYLW\YHUWLFDO
D[LVLQFUHDVHVZLWKWLPHWKDWSDVVHVKRUL]RQWDOD[LV$FFRUGLQJWRFDOFXOXVFDOFXODWLQJWKHGHULYDWLYHRIDIXQFWLRQ
\LHOGVLWVUDWHRIFKDQJH>@7KXVGLIIHUHQWLDWLQJWKHFXPXODWLYH(TXDWLRQUHWXUQVWKHnon-cumulative(TXDWLRQ
)LJXUHVKRZVWKLVQRQFXPXODWLYHIRUP,QWHUHVWLQJO\WKHSURILOHRIQRQFXPXODWLYHDFWLYLW\HTXDWLRQVLVVLPLODUWR
DWUDGLWLRQDOEDUFKDUW,WGLIIHUVIURPDEDUFKDUWRQO\LQWKDWWKHYHUWLFDOD[LVUHSUHVHQWVSURGXFWLYLW\DQGQRWMXVWDQ
DFWLYLW\QDPHRUODEHO,WWKXVGLVSOD\VPRUHLQIRUPDWLRQWKDQDEDUFKDUW7KHDFWLYLW\ZLWKWKHKLJKHVWSURGXFWLYLW\
LVSODFHGDWWKHWRSDQGWKHVPDOOHUWKHSURGXFWLYLW\WKHORZHUWKHKHLJKWZKHUHDFWLYLW\EDUVDUHSODFHG

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7DEOH6FKHGXOHFDVKIORZDQGUHVRXUFHLQSXWIRUH[DPSOH
1DPH
>@
6XFFHVVRU
>@
'XUDWLRQ
>PRQWKV@
:RUN8QLW
>FRXQW@
7LPH%XIIHU
>PRQWKV@
6KLIWG
>PRQWKV@
'HOD\G
>PRQWKV@
&RVWC
>@
0DUNXSM
>RIFRVW@
%LOOWR3D\'HOD\b
>PRQWKV@
5HVRXUFH5DWH
>ZRUNHUV@
$ %         
% &         
&          

)LJ&XPXODWLYHOLQHDUVFKHGXOHIRUH[DPSOH )LJ1RQFXPXODWLYHOLQHDUVFKHGXOHIRUH[DPSOH

2YHUDOO360ZLWKLWVV\VWHPDWLFDSSOLFDWLRQRIVLQJXODULW\IXQFWLRQVSURYLGHVDPDWKHPDWLFDOPRGHOWKDWXQLILHV
FRPSDUWPHQWDOL]HG FRQFHSWV DQGSURMHFW SHUIRUPDQFHSDUDPHWHUV DVXVHG HJ LQPLQLPL]LQJ WKH SURMHFW GXUDWLRQ
DQGGHWHUPLQLQJWKHFULWLFDOLW\RIDFWLYLWLHVXQGHU&30GLVSOD\LQJJUDSKLFDOO\WKHLUVWDUWDQGILQLVKGDWHVDVLQEDU
FKDUWVDQGUHSUHVHQWLQJWKHVWDUWVILQLVKHVVHTXHQFHDQGSURGXFWLYLW\RIDFWLYLWLHVDVXQGHU/607KHFXPXODWLYH
DQGQRQFXPXODWLYHIRUPVRIWKHHTXDWLRQVHQKDQFHVFKHGXOLQJUHVHDUFKLQ WKDW LWEHFRPHVDSSDUHQW WKDWFRQFHSWV
ZKRVHUHODWLRQZDVSUHYLRXVO\DUGXRXVWRPRGHOFDQQRZEHH[SOLFLWO\KDQGOHGLQDQLQWHJUDWHGTXDQWLWDWLYHPDQQHU
xyCxyBxyA
:RUN>TXDQWLW\@
7LPH>PRQWKV@
x¶yC
x¶yB
x¶yA
7LPH>PRQWKV@
3URGXFWLYLW\>TXDQWLW\PRQWKV@
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3.2. Cash Flow Model (cumulative and non-cumulative forms) 
7KHVXFFHVVRUIDLOXUHRIFRQVWUXFWLRQSURMHFWVVWURQJO\GHSHQGVRQFDVKIORZPDQDJHPHQW7KXVPRGHOLQJFDVK
IORZVLVDFUXFLDOSUREOHPLQFRQVWUXFWLRQPDQDJHPHQW+RZHYHULWLVDWKRUQ\SUREOHPEHFDXVHWKHLQWHUDFWLRQRI
FDVKRXWIORZVDQGLQIORZVJHQHUDWHVD]LJ]DJVKDSHGEDODQFHWKDWXVHGWRGHI\PRGHOLQJDWWHPSWVXQWLOUHFHQWO\>@
0RUHRYHUVRPHSKHQRPHQDUHODWHGWRFDVKIORZVH[KLELWDGLVWLQFWSHULRGLFLW\>@ZKLFKVKRXOGEHPRGHOHG)XU
WKHUPRUH7LPH9DOXHRI0RQH\790FDQEHFRQVLGHUHGH[SOLFLWO\>@([SDQGLQJWKHH[DPSOHIURPWKHSUHYL
RXVVHFWLRQDVVXPHWKDWFRVWIRUHDFKDFWLYLW\JURZVOLQHDUO\>@7DEOHOLVWVWKHFRVWCPDUNXSMDQGELOOWR
SD\GHOD\bIRUHDFKDFWLYLW\:KHUHDVWKHVORSHUHSUHVHQWHGSURGXFWLYLW\LQWKHOLQHDUVFKHGXOHWKHVFDOHIDFWRUC
/ D + dLQWKHVLQJXODULW\IXQFWLRQSHU(TXDWLRQUHSUHVHQWVWKHUDWHRIFRVWJURZWKZKLFKLVWKHVORSHRIWKHFRVW
SURILOH$GGLQJWKHPDUNXSWRWKHFRVW\LHOGVDELOOIXQFWLRQSHU(TXDWLRQ$VELOOVDUHVHQWWRWKHSD\HUDWWKHHQG
RIHDFKSHULRGDQRSHUDWRU¬¼WKDWURXQGVGRZQWKHRSHUDQGWRLWVQHDUHVWLQWHJHULVDSSOLHGWRWKHLQGHSHQGHQWYDUL
DEOHy6XFKURXQGLQJRSHUDWRUFDQHDVLO\H[SUHVVWKH³SHULRGLFLW\>WKDW@RFFXUVERWKLQFDVKRXWIORZVDQGLQIORZV
WKDWKDYHDVSHFLILFIUHTXHQF\DQGDPSOLWXGHHJRYHUKHDGELOOLQJDQGSD\PHQWIXQFWLRQV´>S@7KHSD\
IXQFWLRQSHU(TXDWLRQLVGHULYHGIURPWKHELOOIXQFWLRQEXWVXEWUDFWVWKHELOOWRSD\GHOD\bIURPHDFKyZKLFKKDV
WKHHIIHFWRIPRYLQJWKHELOOSURILOHWRWKHULJKWWREHFRPHWKHSD\SURILOHSHU)LJXUH1RWHWKDWWKHFRVWELOOSD\
DQGEDODQFHSURILOHVLQ)LJXUHPRGHOWKHHQWLUHSURMHFWDGGLQJWKHFDVKIORZVRIWKHWKUHHDFWLYLWLHVDFFRUGLQJO\
7KHEDODQFHLVWKHGLIIHUHQFHEHWZHHQWKHVXPRIWKHFRVWIXQFWLRQVRXWIORZVDQGWKHVXPRIDOOSD\IXQFWLRQVLQ
IORZVSHU(TXDWLRQ,QDUHDOSURMHFWbZLOOEHDSSUR[LPDWHO\WRGD\VKHUHLWLVDVVXPHGDVRQHPRQWK,WLV
DVVXPHGWKDWWKHEDODQFHIXQFWLRQGRHVQRWFRQVLGHU790,WVYDOXHGHSHQGVRQWKHSHULRGRYHUZKLFKLWLVDVVHVVHG
HJIRUILQDQFLQJLQWHUHVWRUDQXQXVHGFUHGLWIHHDVDQDO\]HGLQGHWDLO>@EXWLVH[FOXGHGKHUHIRUEUHYLW\

3UHYLRXVFDVKIORZPRGHOVDUHcumulative\HWWKHnon-cumulativeIRUPRIVXFKFDVKIORZPRGHOVFDQDOVRH[LVW
SHU)LJXUH'LIIHUHQWLDWLQJ(TXDWLRQ\LHOGVWKHQRQFXPXODWLYHFRVWIXQFWLRQSHU(TXDWLRQ$FXPXODWLYHSD\
IXQFWLRQKDVDVWHSSHGSURILOHSHU)LJXUH'LIIHUHQWLDWLQJLWZRXOGJHQHUDWHDEDUFKDUWOLNHSURILOHZKLFKZRXOGEH
LQFRUUHFW EHFDXVH WKH QRQFXPXODWLYH SD\ IXQFWLRQ VKRXOG RQO\ EH DFWLYH DW HDFK SD\ WLPH 6X DQG /XFNR >@
VROYHGWKLVSUREOHPE\LQWURGXFLQJFXVWRPL]HGSD\DQGVLJQDOIXQFWLRQVIRUQRQFXPXODWLYHSD\SHU(TXDWLRQVDQG
ZKLFKDUHVSLNHVLQ)LJXUHZKLOHWKHGLIIHUHQFHEHWZHHQFRVWDQGSD\LVWKHGDVKHGQRQFXPXODWLYHEDODQFH

)LJ&XPXODWLYHFDVKIORZSURILOHIRUH[DPSOH )LJ1RQFXPXODWLYHFDVKIORZSURILOHIRUH[DPSOH
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3.3. Resource Model (cumulative and non-cumulative forms) 
7KHVDPHDSSURDFKDVGHVFULEHGIRUOLQHDUVFKHGXOLQJDQGFDVKIORZVFDQDOVREHDGRSWHGIRUUHVRXUFHXWLOL]DWLRQ
,WVVFDOHIDFWRUSHU(TXDWLRQUHSUHVHQWVWKHUDWHRIUHVRXUFHFRQVXPSWLRQr>@W\SLFDOO\IRUJHQHUDORUVSHFLDO
L]HGODERU&RQWLQXLQJWKHSUHYLRXVH[DPSOH7DEOHOLVWVWKHUHVRXUFHUDWHIRUHDFKDFWLYLW\(TXDWLRQVDQG
H[SUHVVWKHFXPXODWLYHDQGQRQFXPXODWLYHUHVRXUFHIXQFWLRQVUHVSHFWLYHO\ZKLFKDUHVKRZQLQ)LJXUHVDQG

$OLJQLQJ WKHVH VXEV\VWHPV LQ WKHLU FXPXODWLYH DQGQRQFXPXODWLYH IRUPV IXOILOOV5HVHDUFK2EMHFWLYH 1RWH
WKDWDGGLWLRQDOUHILQHPHQWVFDQEHDGGHGWRUHIOHFWWKHDIRUHPHQWLRQHGIDFWRUVVXFKDVVKLIWVdWKDWPRYHWKHVWDUW
DQGGHOD\VdWKDWPRYHWKHILQLVKLHH[SDQGGXUDWLRQ>@WRHQKDQFHLWVUHDOLVP7KLVFDQEHDFFRPSOLVKHGE\
DGGLQJWKHPWRWKHFXWRIIRIWKHVLQJXODULW\IXQFWLRQ(TXDWLRQOLQNVVXEV\VWHPVYLDWKHVFDOLQJIDFWRUVRIWKHLU
SDLUZLVHYDULDEOHVIRUSURSRUWLRQDOLW\QRWZLWKVWDQGLQJWKDWWKHFXWRIILQELOOHTXDWLRQVLVIXUWKHUPRYHGDQGURXQGHG

)LJ&XPXODWLYHUHVRXUFHSURILOHIRUH[DPSOH )LJ1RQFXPXODWLYHUHVRXUFHSURILOHIRUH[DPSOH

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7KHDIRUHPHQWLRQHGPRGHOVRIVFKHGXOHFDVKIORZVDQG UHVRXUFHVH[LVWDV ORFDO VXEV\VWHPVRIDFRQVWUXFWLRQ
SURMHFWZKHUHWKH\IRFXVRQKRZDGLPHQVLRQRISURMHFWSHUIRUPDQFHGHYHORSVLQWKHVKRUWDQGORQJWHUP+RZHYHU
WKHVHVXEV\VWHPVVXIIHUIURPWKHVHYHUHGLVDGYDQWDJHWKDWWKH\EHFRPHGLVFRQQHFWHGIURPWKHEHKDYLRXURIWKHRWKHU
GLPHQVLRQVVRWKDWWKHLQIRUPDWLRQDOSRZHURIH[SHULPHQWLQJZLWKWKHLPSDFWRIDFKDQJHDFURVVWKHVHGLPHQVLRQV
LVORVW)RUH[DPSOHDFODVVLFSUREOHPLQVFKHGXOLQJLVZKHWKHUDFWLYLWLHVDUHWUHDWHGDVLQWHUUXSWLEOHRUFRQWLQXRXVLQ
WKHLUSURJUHVV,QWHUUXSWDELOLW\FDQUHGXFHWKHWRWDOSURMHFWGXUDWLRQLQFHUWDLQFRQVWHOODWLRQVE\GHFUHDVLQJDOHDG
ODJWLPHEHWZHHQDQDFWLYLW\DQGLWVSUHGHFHVVRUDQGRUVXFFHVVRU+RZHYHUWKHFRQYHUVHLQVLJKWWKDWLQWHUUXSWDELO
LW\LVQRWXVHIXO>@EXWKDUPIXOKDVEHHQDGYRFDWHGDVZHOODVDQLQWHUUXSWLEOHVFKHGXOHMHRSDUGL]HVUHVRXUFHFRQ
WLQXLW\GXHWRILULQJDQGKLULQJRIODERUZLWKWKHDVVRFLDWHGSUREOHPVRIODFNLQJPRWLYDWLRQDQGORZSURGXFWLYLW\,Q
H[SHULPHQWLQJZLWKGLIIHUHQWVWUDWHJLHVRQHVKRXOGDOZD\VDOVRPRQLWRUUHVRXUFHXWLOL]DWLRQLQFRQMXQFWLRQZLWKWKH
PRGLILFDWLRQVWRWKHVFKHGXOH6LPLODUFRQVLGHUDWLRQVDSSO\WRRWKHULQWHUDFWLRQVEHWZHHQPXOWLSOHGLPHQVLRQVHDFK
RIZKLFKIRUPVDVXEV\VWHP+ROLVWLFDOO\H[DPLQLQJVXFKJOREDOV\VWHPWKHUHIRUHUHTXLUHVDQLQWHJUDWHGPRGHO
ryA
5HVRXUFHV>ZRUNHUV@
7LPH>PRQWKV@
ryC
ryB
rytot
ryA¶
5HVRXUFH5DWH>ZRUNHUVPRQWK@
7LPH>PRQWKV@ryC¶
ryB¶
rytot¶
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4.1. Integrated Model for Multi-Objective Research 
7RLQWHJUDWHWKHDIRUHPHQWLRQHGVXEV\VWHPVLQFRQVWUXFWLRQPDQDJHPHQWWKLVUHVHDUFKH[SORUHVWKHGLPHQVLRQV
RIZRUNTXDQWLW\WLPHFRVWDQGUHVRXUFH,WILUVWH[SORUHVWKUHHGLPHQVLRQVWKDWSURJUHVVFRQFXUUHQWO\DQGFDQVWLOO
EHSORWWHGJUDSKLFDOO\6HOHFWLQJWKUHHRIIRXU\LHOGVWKHSRVVLEOHFRPELQDWLRQVZRUNWLPHFRVWZRUNWLPHUHVRXUFH
WLPHFRVWUHVRXUFHDQGZRUNFRVWUHVRXUFHUHVSHFWLYHO\7DEOHOLVWVWKHFXPXODWLYHPRGHOVIRUWKHVHIRXUVFHQDUL
RVIRULQGLYLGXDODFWLYLWLHVSHU7DEOHZKLFKDUHWKHQDGGHGWRJDLQWKHPRGHOIRUWKHHQWLUHSURMHFW7KHWUDMHFWRULHV
RIWKHVHPRGHOVDUHSORWWHGLQWKH'FRRUGLQDWHV\VWHPVRI)LJXUHVWKURXJK6XEWUDFWLQJWKHIXQFWLRQVRISD\
PHQWVDQGFRVWV\LHOGVWKHEDODQFHfxyzbal fxyzpay±fxyzcostDWDQ\WLPH1RWHWKDWLQ)LJXUHWKHFXUYHV
fAfBDQGfCDUHWKHWUDMHFWRULHVRILQGLYLGXDODFWLYLWLHVLQWKH'FRRUGLQDWHV\VWHPZKLOHSURMHFWLQJWKHPHJRQWR
WKH'WLPHFRVWSODQH\LHOGVWKHFRVWSURILOHRIHDFKDFWLYLW\7KHLUVXPLVWKHWUDMHFWRU\RIFRVWfcostIRUWKHHQWLUH
SURMHFW7KHSD\DQGEDODQFHWUDMHFWRULHVfpayDQGfbalanceLQ)LJXUHDUHVKRZQIRUWKHHQWLUHSURMHFWIRUFODULW\
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$QLPSRUWDQWIHDWXUHRI WKLV'WUDMHFWRU\ LV WKDWSURMHFWLQJ LWRQWRDQ\'SODQH\LHOGV WKHGHVLUHGSORWRI WKH
VXEV\VWHPZLWKRXWGHFUHDVLQJDFFXUDF\)RUH[DPSOHWKHSURMHFWLRQRQWRWKHWLPHFRVWSODQHRI)LJXUHLVLGHQWL
FDO WR WKHFDVKIORZSURILOHSHU)LJXUHZKLOH WKHSURMHFWLRQRQWR WKHZRUNWLPHSODQH LV WKH OLQHDUVFKHGXOHSHU
)LJXUHDQGWKHWKLUGSRVVLEOHSURMHFWLRQZKLFKDSSHDUVWRQRWKDYHEHHQH[SORUHGLQGLYLGXDOO\LVWKHSURILOHRQ
WKHZRUNFRVWSODQH6LQFHZRUNW\SLFDOO\PXVWEHILQLVKHGVHTXHQWLDOO\LWJURZVFKURQRORJLFDOO\ZKLFKLPSOLFLWO\
H[KLELWVWKHUHODWLRQRIWLPHDQGFRVW7KLVSURMHFWLRQRQWRDZRUNFRVWSODQHWUDFNVKRZPXFKFRVWLVLQFXUUHGE\
ILQLVKLQJZRUN,WKDVSRWHQWLDOXVHLQHDUQHGYDOXHDQDO\VLV>@ZKRVHLQGLFHVRIEXGJHWHGFRVWRIZRUNSHUIRUPHG
%&:3EXGJHWHGFRVWRIZRUNVFKHGXOHG%&:6DQGDFWXDOFRVWRIZRUNSHUIRUPHG$&:3WUDFNWKHSURJUHVV

$YLUWXHRI'WUDMHFWRULHVLVWKDWWKH\FDQUHYHDOWKHRWKHUZLVHKLGGHQLPSDFWVRIFKDQJHVZLWKLQDWUDGLWLRQDO'
UHODWLRQVKLSLHDµGUDJJLQJHIIHFW¶WKDWSXOOVWKHSURILOHRIZRUNDQGWLPHLQWRWKHWKLUGGLPHQVLRQE\WKHUHVSHFWLYH
FRVWIRUHDFKSRLQW1HZO\DGGHGGHSWKWKDWDIRUPHUO\'SURILOHJDLQVZKLFKLVYLVLEOHWKURXJKRXWWKH'ILJXUHV
WKXVFDQEHDYDOXDEOHWRROWRLOOXVWUDWHWKHGHJUHHRILQWHUDFWLRQVDPRQJPXOWLSOHGLPHQVLRQVZLWKLQWKHVDPHSURMHFW

)LJXUHVDQGDUHJHQHUDOO\VLPLODUWR)LJXUHEXWSORWWHGLQGLIIHUHQWWKUHHGLPHQVLRQDOV\VWHPV)LJXUH
H[KLELWVWKHWUDMHFWRULHVRIHDFKDFWLYLW\DQGWKHLUFRPELQHGHIIHFWLQDZRUNWLPHUHVRXUFHV\VWHP3URMHFWLRQVRQWR
DZRUNWLPHRUWLPHUHVRXUFH'SODQHZLOOUHWXUQWKHOLQHDUVFKHGXOHSHU)LJXUHRUUHVRXUFHSURILOHSHU)LJXUH
7KHFRPELQHGFXUYHGLVSOD\VWKHgrowth pathRIWKHSURMHFWRQZKLFKHDFKSRLQWLQIRUPVKRZPXFKZRUNTXDQWLW\
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KDVEHHQILQLVKHGDWZKDWWLPHE\XVLQJKRZPDQ\ZRUNHUKRXUV5HSODFLQJZRUNE\FRVWGLPHQVLRQ\LHOGV)LJXUH
LQZKLFKWKHFRPELQHGFXUYHLQIRUPVKRZPXFKFRVWZDVLQFXUUHGDWZKDWWLPHE\XVLQJKRZPDQ\ZRUNHUKRXUV
7KH ILQDO SRVVLEOH FRPELQDWLRQ ZRUNFRVWUHVRXUFH SHU )LJXUH  GLIIHUV IURP WKH RWKHU WKUHH ILJXUHV 7LPH LV
PHUHO\H[SUHVVHGLPSOLFLWO\EHFDXVHZRUNFRVWDQGUHVRXUFHYDOXHVSURJUHVVIURP]HURWRWKHLUPD[LPXPDPRXQWV
:KLFKHYHUWKHFKRVHQVFHQDULRWKHLQWHJUDWHGPRGHOFDQEHPDWKHPDWLFDOO\H[SUHVVHGDVVLQJXODULW\IXQFWLRQVDQG
SORWWHGLQD'FRRUGLQDWHV\VWHP6LQFHWKHLQWHJUDWHGPRGHOLVµJURZQ¶±RUUDWKHUDVVHPEOHG±IURPVXEV\VWHP
PRGHOVDOOGHWDLOVIURPWKHVHVXEV\VWHPVFDQEHSUHVHUYHG%\PRGLI\LQJSDUDPHWHUVLQDQ\VXEV\VWHPLWDOORZV
WRPRQLWRU WKH JOREDO HIIHFWV GLUHFWO\ 6HQVLWLYLW\ DQDO\VHV DQGRSWLPL]DWLRQ DOJRULWKPVZRXOGJHQHUDWH RU KDQGOH
JURZWKSDWKVLQIRUPRIDWUDMHFWRU\EXQGOHWKURXJKWKHSURMHFWVSDFHLQWKH'FRRUGLQDWHV\VWHP7KLVDSSURDFK
ILOOVWKHPRGHOLQJJDSEHWZHHQWKHWZRDIRUHPHQWLRQHGVWHSVZKLFKPD\LPSURYHWKHHIILFLHQF\RIVXFKDOJRULWKPV
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'LIIHUHQWLDWLQJWKHFXPXODWLYHHTXDWLRQVRI7DEOH\LHOGVQRQFXPXODWLYHRQHVZKLFKDUHSORWWHGLQ)LJXUHV
WKURXJKDVLQGLYLGXDODQGWRWDOFXUYHV$JDLQWKH\FDQEHSURMHFWHGRQWR'SODQHVZKLFK\LHOGV)LJXUHVDQG
1RWHWKDWVSLNHVZLWKLQ)LJXUHDUHVHSDUDWHSD\PHQWVZKLFKUHDFKDERYHWKHSODQHWKDWLVGHILQHGE\cost 
DQGWKDWQRQFXPXODWLYHEDODQFHVFDQEHQHJDWLYHRUSRVLWLYH$JDLQGUDJJLQJD'SURILOHLQWRWKHWKLUGGLPHQVLRQ
UHYHDOVWKHUHODWLYHLQIOXHQFHRIWKDWQHZSHUIRUPDQFHSDUDPHWHU)LJXUHGLVSOD\VWKUHHDFWLYLWLHVEDUVfAfBDQGfC
E\XVLQJWKHGLIIHUHQWLDWHGIRUPRIWKHUHVSHFWLYHIXQFWLRQSHU7DEOH$GGLQJWKHP\LHOGVWKHWRWDOWUDMHFWRU\ftotal
ZKLFKUHYHDOVWKHDEVROXWHSURGXFWLYLW\DQGUHVRXUFHUDWHDWDQ\WLPH)LJXUHUHVHPEOHV)LJXUHLWVKRZVWKUHH
DFWLYLW\EDUVDQGFKDUWVWKHDEVROXWHSURGXFWLYLW\DQGFRVWUDWHDWDQ\WLPH,QWHUHVWLQJDUHWKHSURMHFWLRQVRQWRWKH
UHVRXUFH UDWHSURGXFWLYLW\SODQH LQ)LJXUHDQGRQWR WKH UHVRXUFH UDWHFRVW UDWHSODQH LQ)LJXUH7KH IRUPHU
LQIRUPVWKHSURMHFWPDQDJHUKRZPXFKSURGXFWLYHWKHZRUNHUVDUHLQDEVROXWHWHUPVZKLOHWKHODWWHULQIRUPVKRZ
FRVWLQWHQVLYHZRUNHUVDUHDVVXPLQJWKDWRQO\GLUHFWFRVWVHJZDJHVDUHWUDFNHGIRUVLPSOLFLW\RIWKLVH[DPSOH

$OORIWKHJURZWKSDWKVLQ)LJXUHVWKURXJKVWDUWIURPWKHSODQHWKDWLVGHILQHGE\time $QH[FHSWLRQLV
)LJXUHZKLFKRPLWVWKHWLPHGLPHQVLRQWRSORWDSURGXFWLYLW\FRVWUDWHUHVRXUFHUDWHFRRUGLQDWHV\VWHP,WVWKUHH
WUDMHFWRULHVGLVSOD\WKHGLIIHUHQWLDWHGIRUPRIWKHUHVSHFWLYHIXQFWLRQSHU7DEOH7KH\WUDFNKRZPXFKSURGXFWLYLW\
LVDFKLHYHGIRUVSHFLILFUHVRXUFHUDWHVDQGFRVWUDWHV6LPLODU WR)LJXUHZKLFKLPSOLHGWKHWLPHGLPHQVLRQ WKH
JURZWKSDWKLQ)LJXUHFDQEHGHWHUPLQHGE\WKHVHTXHQFHRIDFWLYLWLHV,WVWDUWVIURPWKHHQGRIfAresource rate  
FOLPEVWRresource rate GURSVWRWKHHQGRIfBresource rate WKHQFOLPEVDJDLQWRresource rate 
GURSVWRWKHHQGRIfCresource rate DQGILQDOO\UHWXUQVWRWKHRULJLQ7KLVXQGXODWLRQRIWKHJURZWKSDWKFDQ
EHYHULILHGYLD)LJXUHVDQG1RQFXPXODWLYHWUDMHFWRULHVFDQWKXVSURYLGHYDOXDEOHLQIRUPDWLRQDERXWDSURMHFW
4.2. Singularity Functions Enabling nD Models 
$QLQWULJXLQJWKHRUHWLFDOSRVVLELOLW\H[LVWVWKDWDGGLQJIXUWKHUGLPHQVLRQVWRWKHDIRUHPHQWLRQHGLQWHJUDWHGPRGHO
ZLOOJHQHUDWH'DQGHYHQWXDOO\n'PRGHOV7KLVZLOOFUHDWHDGGLWLRQDOLQWHUIDFHVWRUHIOHFWWKHLQWHUDFWLRQVEHWZHHQ
SURMHFWSHUIRUPDQFHSDUDPHWHUV:KLOHVXFKPRGHOVDUHLPSRVVLEOHWRGLVSOD\JUDSKLFDOO\WKH\DUHHDVLO\H[SUHVVHG
PDWKHPDWLFDOO\6LQJXODULW\IXQFWLRQVFDQEHXVHGWRPRGHODQGH[SORUHFRPSOH[EHKDYLRUVLQPXOWLSOHGLPHQVLRQV
ZKLFKIXOILOOV5HVHDUFK2EMHFWLYHDQGRIIHUVDQRYHODYHQXHWRZDUGKROLVWLFTXDQWLWDWLYHSURMHFWPDQDJHPHQW
&RQWULEXWLRQVDQG5HFRPPHQGDWLRQV
7UDGLWLRQDOFRQVWUXFWLRQPDQDJHPHQWKDVFRPSDUWPHQWDOL]HGWKHWUHDWPHQWRISURMHFWVLQWRVXEV\VWHPVLQFOXG
LQJWLPHFRVWDQGUHVRXUFHV+RZHYHUVXFKDSSURDFKHVKDYHVWURQJO\VLPSOLILHGRUHYHQRPLWWHGRWKHUGLPHQVLRQV
LQWKHLUPRGHOVDQGKDVFUHDWHGWKHFRQXQGUXPWKDWRSWLPL]DWLRQDSSURDFKHVHYHQIRUPXOWLREMHFWLYHSUREOHPVPD\
WHQGWRZDUGLGHQWLI\LQJDQ\ORFDORSWLPXPLQVWHDGRIWKHJOREDORSWLPXP1XPHURXVDOJRULWKPVDUHGHVFULEHGLQWKH
OLWHUDWXUHWKDWKDYHLQYHVWLJDWHGWKHSHUIRUPDQFHRIVXFKDOJRULWKPV0RVWVLPSOLILHGVXEV\VWHPVPRGHOVSHUKDSV
PLVXQGHUVWDQGLQJRI2FNKDP¶VUD]RUZKRFDQEHSDUDSKUDVHGDVKDYLQJDGYRFDWHGLQFOXGLQJµDVPXFKDVQHFHVVDU\
DVOLWWOHDVSRVVLEOH¶RIWKHFRPSOH[LW\RIWKHUHDOZRUOGLQDPRGHO7KHUHE\DFFXUDF\DQGUHDOLVPPD\EHVDFULILFHG
IRU WKHVDNHRIDVXSSRVHGO\HIILFLHQWPRGHODOEHLWRQHWKDWPD\SURGXFHVRPHZKDWPLVOHDGLQJUHVXOWV+RZHYHU
DFFXUDF\DQGUHDOLVPQHHGQRWEHFRQWUDGLFWRU\JRDOVWRWKHHIILFLHQF\RIPRGHOV7KLVVWXG\DGGUHVVHVWKLVFKDOOHQJH
E\HPSOR\LQJVLQJXODULW\IXQFWLRQVLQDQHZO\LQWHJUDWHGPDQQHUZKLFKFDQEHFXVWRPL]HGDVQHHGHGE\WKHXVHU

&RQWULEXWLRQVWRWKHERG\RINQRZOHGJHDUHDVIROORZV)LUVWKDYLQJDOLJQHG'PRGHOVRISURMHFWSHUIRUPDQFH
SDUDPHWHUV LQFOXGLQJ OLQHDU VFKHGXOHV FDVK IORZV DQG UHVRXUFH KLVWRJUDPVZKLFK VKDUH D VLPLODUPDWKHPDWLFDO
VWUXFWXUHZKHQH[SUHVVHGDVVLQJXODULW\ IXQFWLRQV6HFRQGKDYLQJH[SORUHG WKH LQWHUDFWLRQV LQ WKHFXPXODWLYHDQG
QRQFXPXODWLYHIRUPVRIWKHVXEV\VWHPPRGHOVZKLFKLVHQDEOHGE\VKDULQJDWLPHD[LVHLWKHUH[SOLFLWO\RUDWOHDVW
LPSOLFLWO\1RQFXPXODWLYHIXQFWLRQVDUHGHULYHGIURPFXPXODWLYHRQHVWRPHDVXUHWKHUDWHRIFKDQJHRIVXFKSURMHFW
SHUIRUPDQFHSDUDPHWHU7KLUGLQWHJUDWLQJWKHPLQWR'PRGHOVZKLFKSURYLGHDQLQIRUPDWLRQULFKUHSUHVHQWDWLRQ
RIDSURMHFWDQGFDQWKHRUHWLFDOO\EHH[WHQGHGWRKLJKHURUGHUVE\LQFRUSRUDWLQJDGGLWLRQDOTXDQWLWDWLYHGLPHQVLRQV
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,QWHJUDWLQJ IDPLOLDU JUDSKLFDO UHSUHVHQWDWLRQV WKDW DUH XVHG LQ FRQVWUXFWLRQPDQDJHPHQW OLNH EDU FKDUWV OLQHDU
VFKHGXOHVFDVKIORZSURILOHVDQGUHVRXUFHKLVWRJUDPVLVOLNHO\WRIDFLOLWDWHLWVDGRSWLRQLQWRSURIHVVLRQDOSUDFWLFH
7KHYHUVDWLOLW\RIWKHQHZDSSURDFKLVHYLGHQWLQWKDWFRPELQDWLRQVRIWKUHHRXWRIIRXUGLPHQVLRQVZRUNWLPHFRVW
DQGUHVRXUFHVLQWKHFXPXODWLYHRUQRQFXPXODWLYHIRUPVDOOFRPPXQLFDWHPDQDJHULDOO\UHOHYDQWLQIRUPDWLRQDQG
DOORZDµGHSWK¶RIH[SORUDWLRQWKDWKDVEHHQODFNLQJWRGDWH7KLVDSSURDFKIRVWHUVSHUFHLYLQJDSURMHFWDVDPXOWL
GLPHQVLRQDOJURZLQJHQGHDYRUZKRVHWUDMHFWRU\PRYHVIURPWKHRULJLQWKURXJKWKHSURMHFWVSDFHLQWKHFRRUGLQDWH
V\VWHP$WDQ\SRLQWWKHEHKDYLRULQHDFKRILWVYDULRXVGLPHQVLRQVLVSUHVHUYHGLQGHWDLODQGWKHLULQWHUDFWLRQVFDQ
EHH[SORUHGDVQHHGHG)XUWKHUUHVHDUFKLVUHFRPPHQGHGWRH[SORUHVHYHUDODVSHFWVWKDWZLOOHQKDQFHWKHQHZPRGHO
• 'HULYLQJDQDOJRULWKPWRWUDQVIRUPWKHXELTXLWRXVQHWZRUNEDVHG&30VFKHGXOHVZKLFKDUHZLGHO\XVHGLQWKH
FRQVWUXFWLRQLQGXVWU\LQWROLQHDUVFKHGXOHVZLWKVLQJXODULW\IXQFWLRQVIRUGLUHFWLQWHJUDWLRQLQWRWKHQHZPRGHO
• ,QFRUSRUDWLQJDGGLWLRQDOIHDWXUHVDQGFRQVWUDLQWVHJLQWHUUXSWLEOHDFWLYLWLHVWRH[WHQGLWVDQDO\WLFDOFDSDELOLWLHV
• 4XDQWLI\LQJWKHEHQHILWRIQRWGLOXWLQJLWVOHYHORIGHWDLOZKHQDGGLQJGLPHQVLRQVWRWKHPRGHODQGPHDVXULQJWKH
FRPSXWDWLRQDOHIILFLHQF\RIPXOWLREMHFWLYHRSWLPL]DWLRQDOJRULWKPVWKDWDUHDSSOLHGWRVLQJXODULW\IXQFWLRQV
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